ABSTRACT. The histological study of the exocrine glands In the swarming females showed the presence of tergal glands. mandibular glands, salivary glands and sternal glands. Tergal and sternal glands are not developed in the physogastric queens. probably, because of a regression process. The development of mandibular glands is similar in swarming females and physogastric queens.
The importance and complexity of exocrine gland secretions in social insects have been demonstrated by various authors (WILSON 1965; CRuz-LANDIM 1996; BUTLER 1967; BILLEN & MORGAN 1998) , but termites have not been so well studied. The role and nature of many glandular secretions still remain unknown mainly among termites (NOlROT 1969; QUENNEDEY 1984; GRASSE 1982) .
The social organization of the termite colonies depends largely on chemical signals that are produced by several exocrine glands. These glands can be found in all sections of the insect body (BLUM 1985; NOlROT 1969; KAIB & ZElSMANN 1992) .
Some exocrine glands occur in all social insects, as salivary, mandibular, sternal and tergal glands . Term ite sal ivary glands have been investigated in some workers and sold iers and have been found to consist of several thoracic acini and two reservoirs (NOlROT 1969; COSTA-LEONARDO 1987 , 1997 COSTA-LEONARDO & CRuz-LANDlM 1991) . The mandibular glands of termites are cephalic and consist of large peripheral cells and small central ductular cells (NOlROT 1969; CASStER et at. 1977; COSTA-LEONARDO & SHIELDS 1990; CONSTANT INO & COSTA-LEONARDO 1997) . The sternal gland of termites is an unpaired organ arising from a thickening of one epidermal sternite, with the exception of Mastotermes Froggatt, 1896 which has three glands (NOlROT 1969 (NOlROT , 1995 GRASSE 1982) . The tergal glands of termites are abdominal structures, found only in some imagoes and sometimes appear to be well developed in both sexes (NOlROT 1969; AMPlON & QUENNEDEY 1981) .
Th is paper shows the histological alterations that occur in the exocrine glands of Comitermes cumulans (Koll ar, 1832) swarming females before and after they become physogastric queens .
MATERIAL AND METHODS
Swarming females and physogastric queens of Cornitermes cumulans were collected in the region of Rio Claro (22°21' S, 47°31 'N), Sao Paulo State, Brazil. Swarming females were collected during the swarming season, wich usually takes place in October and November. Queens with a conspicuous physogastry were obtained from mature field nests . Queens aged 15 days , 7 months and 12 months were obtained from laboratory colonies. In the present study we analyzed three queens of each age and six specimens of swarming females.
The occurrence and morphology of the exocrine glands were determined in histological sections. For histology, the insects were fixed in Bouin or Baker's formaldeyde-calcium for 24 hours, dehydrated in alcohol and embedded in paraffin. Sections were cut to a thickness of 6-7 flm, stained with hematoxylin and eosin and analyzed with a Zeiss photomicroscope. The area of the mandibular glands was evaluated in swarming females and physogastric queens using an Axioskop microscope and a computer with an Axioshome system.
RESULTS AND DISCUSSION
The mandibular and salivary glands of the swarming females and physogastric queens of Cornitermes cumulans exhibit the same developmental pattern when observed in histological sections. However, the tergal and sternal glands showed an evident regression and were not distinct in mature physogastric queens.
Tergal Glands
The arrangement of tergal glands in swarming females on C. cumulans can be seen in figure I. They are conspicuous epidermal glands localized On the last three abdominal segments of these swarming individuals. The histology of the tergal glands of 15 day old queens is very similar to that observed in swarming females. In seven month old queen, only a thin sheet of glandular cells was observed. Figures 2 and 3 show a cellular thickening corresponding to a glandular region in the 8 th , 9 th and 10 th tergites.
The tergal glands were not also developed in 12 month old queens and physogastric queens collected in the field. Age polymorphism of exocrine glands also occurs in other social insects and in bees this phenomenon has a fundamental adaptive role (CRuz-LAND 1M 1994).
These glands seem to suffer regression by the time the females grow old and practically disappear in physogastric queens, where only a few glandular cells are present. However, NOIROT (1969) , studying the termite Kalotermes flavicollis (Fabricius, 1793) , observed that in functionally reproductive pairs of this species, denominated primary king and queen, the height of the tergal gland epithelium decreases and its secretory activity seems to be reduced, although these glands persist and are clearly recognized despite suffering regression. According to GRASSE (1984) , the queens of Kalotermitidae do not present a true physogastry because they do not produce a new cuticle. Only an infolding of the abdominal cuticle occurs in these queens to accommodate the development of the royal tissue and ovaries. The queens of Termitidae, like mature queens of C. cumulans, present real physogastry The tergal glands are involved in the mating process of the swarming pair and enhance their coupling during and after the flight (AMPION & QUENNEDEY 1981 ; SRENG 1984) . BARTH (1955) , studying the termite Syntermes dints, observed that the removal of the final abdominal segments from swarming female prevented the nuptial dance, and the male became indifferent to the presence of the female .
Mandibular Glands
The mandibular glands are present in swarming females and queens. They are located inside the head between the maxilla and mandible and seem to have the same development in both insects.
The present histological results indicated that there were no remarkable differences in the size of the glandular area because morphometric comparison of swarming females and physogastric queens showed equivalent mandibular glands (Figs 4 and 5). Morphometric analys is showed that the average glandular area of swarming females and physogastric queens was closely similar (23 .300 f.lm2 and 22.270 f.lm2, respectively).
There are no comparative data on termites about the development of this gland in the reproductive pair, except for observations by COSTA-LEONARDO (unpublished data) showing that the glandular development pattern found in physogastric queens of some species such as Embiratermes festivellus (Silvestri, 1901) was similar to that found for the swarming individuals.
Salivary Glands
The salivary glands of swarming C. cumulans females are localed in the thorax and have lobular acin i (Fig. 6) formed by basophilic and acidophilic cell s. The salivary glands of the physogastric queens have the same morphology as that found in swarming females, as illustrated in figure 7 . The salivary glands of the reproductive individuals have the same basic morphological pattern as found in workers of C. cumulans (COSTA-LEONARDO 1987) .
The salivary glands of workers have multiple functions and are extremely important when the workers feed the brood, the reproductive pair and the soldiers. In physogastric queens the salivary glands participate in trophallaxis and digestion (KAIB & ZElSMANN 1992).
Sternal Glands
The sternal gland is located on the 5 th abdominal sternite and is characterized by epidermal thickening (Fig. 8 ) in swarming C. cumulans females.
The sternal gland was not distinct in any of the histological sections of the 5 th sternite of C. cumulans physogastric queens. This fact suggests a glandular regression in physogastric queens, but this gland, like the tergal glands, consists of a thickening of epidermal cells that becomes limited to few flat cells, when the gland regresses. In 15 days old queens, the sternal gland was present and was easily recognizable, as was the case for swarming females. The sternal gland are not developed in seven and 12 month old queens . NOIROT & NOIROT-THIMOTHEE (1965) and NOIROT (1995) showed that the position of the sternal glands varies depending on the species. In Mastotermes darwiniensis the three sternal glands are situated in the middle of the 3 rd , 4th and 5 th sternites. In all other termite species the sternal gland is a single structure, but is that in the Nasutitermitinae, the sternal gland is larger in females than in males. These authors studied physogastric queens of Termitidae (Cubitermes fungifaber (Sjostedt, 1896) , Procubitermes aburiensis (Sjostedt, 1926) and Microcerotermes sp.) and also suggested that this gland declines in size and it is difficult to identify in older functional reproductive termites.
In agreement with GRASSE ( 1982) , who reported regression of the sternal gland of the physogastric queen in the subfamily Nasutitermitinae, the reason for the regression of this gland in C. cumulans may have been due to the fact that the gland is responsible for the secretion offemale sex pheromones used to attract males in order to start a new colony. After the founding of a new nest, the gland loses its function, and a process of glandular regression begins.
